1. Introduction {#sec1}
===============

Sarcoidosis is a rare chronic granulomatous disorder of unknown origin \[[@bib1],[@bib2]\] characterized by granuloma formation especially within the lungs and regional lymphnodes. Granulomtous reaction is supposed to derive from an exaggerated immune cell reaction involving a Th1-driven alveolar inflammation \[[@bib3], [@bib4], [@bib5]\].

Therapy in sarcoidosis aims to dampen this Th1-driven inflammation. Corticosteroids are the mainstay in sarcoidosis therapy \[[@bib6],[@bib7]\]. Based on their efficacy in other Th1- driven diseases, immunosuppressive drugs are used for sarcoidosis with their efficacy described in case series and retrospective analyses \[[@bib8],[@bib9]\]. TNF-binding antibodies have been used successfully in several cases of steroid-resistant sarcoidosis as a target therapy based on the pivotal role of TNF for sarcoidosis \[[@bib10],[@bib11]\], a subsequent prospective trial could only demonstrate a small increase in FVC without corresponding melioration of patient-reported outcome parameters \[[@bib12]\] However, subsequent in-depth analyses revealed that underlying pathophysiological differences influence response to TNF-neutralizing therapy \[[@bib13],[@bib14]\] pointing out that *a priori* characterization of patients may help to predict therapeutic response.

Besides the Th1-driven proinflammatory milieu, functionally impaired regulatory T-cells (Tregs) are described in sarcoidosis that insufficiently dampen ongoing T-cell driven inflammation \[[@bib15], [@bib16], [@bib17]\]. Restoration of Tregs' function by inhaled vasoactive intestinal peptide led to clinical improvement \[[@bib17]\] and therefore Tregs may represent a promising therapeutic target in sarcoidosis \[[@bib4],[@bib18],[@bib19]\].

T-cell activation requires two signals by the T-cell receptor (activated by MHC) and by CD28 (activated by CD80/CD86). The co-stimulatory effect of CD80/CD86 can be modulated by cytotoxic T-lymphocyte antigen-4 (CTLA-4), an inhibitory type 1 transmembrane receptor constitutively expressed on regulatory T-cells and induced in activated T-cells \[[@bib20], [@bib21], [@bib22], [@bib23]\]. CTLA-4 outcompetes CD28 for its binding to CD80/D86 expressed by antigen presenting cells resulting in a reduced activation of conventional T cells \[[@bib24],[@bib25]\]. In CTLA-4 knock out mice, Tregs lack their suppressive activity leading to a breakdown of peripheral tolerance and the outbreak of autoimmune diseases \[[@bib26],[@bib27]\]. CTLA-4 polymorphisms have been associated with autoimmune diseases in humans \[[@bib28]\]. Heterozygous CTLA-4 mutations resulting in impaired expression or function of CLTA-4 were described in patients with severe immune dysregulation syndromes \[[@bib29], [@bib30], [@bib31]\]. In these patients insufficient CTLA-4 function results in a sustained T-cell activation with organ infiltration and granuloma formation by these activated T-cells. Further observations emphasize the role of CTLA-4 malfunctioning in sarcoidosis. Decreased CTLA-4 expression could be detected on regulatory T-cells in sarcoidosis patients \[[@bib32]\] and blocking CTLA-4 to breach immunotolerance in cancer therapy can lead to granulomatous disease mimicking sarcoidosis \[[@bib33], [@bib34], [@bib35]\].

Abatacept, a CTLA-4--Ig fusion protein, can be pharmaceutically used because abatacept itself can capture CD80/CD86, thereby interfering with T-cell activation \[[@bib36],[@bib37]\].

Therefore abatacept represents a potential therapy for sarcoidosis. Abatacept has been approved for therapy of rheumatoid and psoriatic arthritis \[[@bib38], [@bib39], [@bib40]\], both of which are mainly Th1-driven autoimmune diseases.

This prospective open-labeled single-arm trial intends to assess the safety of abatacept in chronic, steroid-refractory sarcoidosis with lung function, patient-related outcome parameters and immunological parameters as secondary endpoints.

Immunological work-up will further allow a deeper insight in pathophysiological alterations of individuals affected by sarcoidosis and their impact for abatacept treatment.

2. Methods and analysis {#sec2}
=======================

2.1. Study design {#sec2.1}
-----------------

This is a multicenter prospective open-labeled single-arm phase II study. 30 individuals are planned to receive abatacept at two sites, (i) Medical Center -- University of Freiburg, and (ii) Medical School Hannover, University of Hannover. The primary objective is to assess the safety of abatacept, because it is the first time applied to sarcoidosis patients at all. To assure and sufficiently assess the safety of the treated individuals, the first six patients are scheduled to be visited at a six-week interval. An independent data monitoring committee (see also below) evaluates safety data every twelve weeks starting after the sixth patient has completed the six-week visit. Based on the committee\'s advice, visit intervals will be scheduled for the following participants (six-week interval or twelve-week interval). [Fig. 1](#fig1){ref-type="fig"} shows a graphic time table. [Fig. 2](#fig2){ref-type="fig"} shows the study flow chart.Fig. 1**Schedule of patient inclusion.**Patients will be included in two phases. The first six patients (blue time lines) will be included in part I and will have visits every six weeks to address especially safety aspects. After the sixth patient has been included a one week delay is planned prior to inclusion of patient No. 7 (first patient of part II, red time line). Patients of part II will have visits every twelve weeks. The Data Monitoring Board can advise to increase or reduce visit frequency based on safety data obtained from the patients included in part I. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)Fig. 1Fig. 2**Visit schedule and assessment**[Fig. 2](#fig2){ref-type="fig"} highlights the visit schedule for all patients including the screening period, treatment period and follow-up visit. Footnotes are the following:\* visits 1, 3, 5 and 7 are required for part I- group, for part II-group the necessity for these visits will be determined by results from part I-group and advises of the DMC.^1^ only at baseline inclusive height^2^ CD4, CD8, B and NK cell numbers^3^ 125 mg/ml syringe weekly; sc injection at clinic and dispensing of investigational product for administration at home (once weekly)^4^ administration of first dose of trial medication and subsequent observation for at least 30 min after administration^5^ re-education, if needed^6^ dispensing of patient diary and education on completion^7^ special tubes for mRNA collection^8^ documentation period AE/reporting period SAE from 1st application of IMP until 30 days after last application of IMP^9^**before** 1st application of IMP just documentation and reporting of **S**AE ^10^ last sc injection at clinic; NO dispensing of investigational product for administration at home (once weekly).Fig. 2

2.2. Primary and secondary objectives and endpoints {#sec2.2}
---------------------------------------------------

Primary endpoint is the safety of abatacept in sarcoidosis patients. This endpoint was chosen because there has not been any study or case report on abatacept treatment in sarcoidosis. Safety is measured as the number of severe infectious complications (defined as any opportunistic infection, any infection requiring hospitalization or intravenous administration of antibiotics, and EBV infections) during treatment period.

Key secondary objectives include the evaluation of safety and efficacy of abatacept in sarcoidosis patients, as well as the description of patient reported outcomes. As main safety-related secondary outcome parameter, the number and rate of all infectious complications will be analysed and compared to infectious complications within the year before study inclusion. Non-infectious complications of abatacept treatment will be monitored as (severe) adverse reaction and graded according to the current "Common Terminology Criteria for Adverse Events" (CTCAE).

Additional secondary endpoints will focus on therapy-induced changes of clinical, lung-functional, immunological and patient-reported outcomes.

Primary and secondary endpoints of the trial will be compared to corresponding parameters within the year prior to study inclusion.

Furthermore, the steroid dose and need of steroid pulse to control sarcoidosis flares will be documented during the trial period.

Additionally the study will allow an in-depth analysis of patients' immunological characteristics. This will allow identifying patients who can benefit the most of abatacept treatment. Several previous studies have shown that individual characteristics of sarcoidosis patients influence treatment success.

[Table 1](#tbl1){ref-type="table"} presents the study endpoints in detail.Table 1Primary and secondary endpoints of the study with detailed explanation and arguments for choosing these endpoints.Table 1EndpointExplanationcommentPrimarySafety assessment of abatacept in patients with chronic sarcoidosis depending on immunosuppressive regime, measured as number of infectious complications during treatment periodNumber of infectious complications during treatment period of one year:-Opportunistic infectious-Infections requiring hospitalization-Infections requiring intravenous antibiotic treatment (including anti-fungal or anti-viral-drugs)-EBV reactivationImmunosuppression harbors the risk of especially opportunistic infections. Therefore, infections were chosen as primary endpoint to assess safety. The above-mentioned definitions of monitored infections avoid the false-positive detection of infections or detection of minor infections like seasonal flue.SecondarySafety assessment of abatacept- Rate of infections during treatment period compared to rate of similar infections in included patients within a one year period prior to study inclusion (where available)-Rates of adverse events (including non-infectious complications like allergic reactions)-Rates of serious adverse eventsIndividuals included in this study suffer from chronic sarcoidosis and received immunosuppressive therapies beforehand. Therefore, the complications of abatacept treatment must be compared to previous complications. Therefore, infections and other therapy-related complications will be retrospectively analysed for the year before study enrolment and compared to events during abatacept treatment.Assessment of patient reported outcome parameters during treatment with abataceptChange in KSQ (King\'s sarcoidosis questionnaire)\
St. George Respiratory Questionnaire (SGRQ)\
Leicester Cough Questionnaire (LCQ)Patient-related outcomes are increasingly recognized as relevant endpoints in clinical studies. Therefore, three questionnaires were included in the study to measure patient-related outcome as change during treatment.\
[KSQ:]{.ul} This questionnaire comprises many issues that affect well-being of patients suffering from sarcoidosis including fatigue, excertional dyspnea, medication side effects and the influence of all these parameters on activities of daily life. A change of 6 points are considered clinically significant \[[@bib42],[@bib61]\].\
[St. George Respiratory Questionnaire]{.ul}: This questionnaire is the most frequently used tool to assess patients\' respiratory symptoms. Even though it has never been evaluated for sarcoidosis, it is often used and requested. The minimal important difference for interstitial lung diseases is considered to be 6 points change \[[@bib62]\].\
[Leicester Cough Questionnaire:]{.ul} The Leicester Cough Questionnaire is a very recent questionnaire focusing on the symptom of cough, which often affects patients with sarcoidosis. Cough can hardly be treated and often leads to physical and psychical impairment of patients. The minimal important difference is 1.3 points \[[@bib63]\].Efficacy assessment of treatment with Abatacept, measured as pulmonary function at regular visits (12, 24 36, 48 and 52 weeks)TLC\
FVC\
DLCO SB\
DLCO/VA pO~2~ at rest and after 6MWT\
AaDO~2~\
DSPSarcoidosis is mostly affecting the lung and lung functional impairments represent one major indication for therapy.\
[TLC:]{.ul} The Total lung capacity reflects best changes of the lung volume because it measures vital capacity as well as residual volume. A change of 10% is considered to be clinical relevant\
[FVC:]{.ul} The Forced Vital Capacity has been the most important lung function parameter in several studies for interstitial lung diseases. A change of 10% from baseline has been used in most studies.\
[DLCOcSB:]{.ul} Diffusing capacity single breath (DLCOcSB) has been considered to be a good parameter for assessing sarcoidosis\' impact on lung function and identifying patients at risk for progession. A 15% change is considered significant.\
[DLCOc/VA:]{.ul} DLCOc/VA mirrors the diffusion capacity for oxygen and is considered a very sensitive marker for interstitial abnormalities in lung diseases and sarcoidosis. [pO]{.ul}~2~[at rest and after 6MWT:]{.ul} This parameter allows to monitor the oxygenation under rest and under exertion. Deterioration is defined as 50 m reduction of walking distance or as a decrease of \>5 mmHg compared to baseline in the 6 min walk test.\
[Distance saturation product (DSP):]{.ul} DSP is measured after 6MWT. It is calculated by the product of the walking distance and the oxygen saturation after the walk divided by 100. Therefore, this product integrates both components of the 6MWT, that is distance and saturation.\
[AaDO]{.ul}~2~[-- alveolar arterial pO]{.ul}~2~[difference:]{.ul} AaDO~2~ is calculated by the alveolar air equation and is a subtle maker of O~2~-diffusion impairment.Laboratory parameterssIL2R\
Neopterin\
ACE\
IL17\
Total white blood cell count\
B- and T-cell count\
Characterization of T- and B-cell subtypes\
mRNA measurementLaboratory parameters have been used to monitor inflammatory activity of sarcoidosis, even though all markers have limitations. [sIL2R:]{.ul} This parameter reflects inflammatory processes has been found in chronic sarcoidosis. It can be used for monitoring disease activity in sarcoidosis.\
[Neopterin:]{.ul} This parameter reflects inflammatory processes as have been found in chronic sarcoidosis. It can be used for monitoring disease activity in sarcoidosis.\
[ACE:]{.ul} ACE is in part produced by granulomas and can therefore be used to monitor granuloma burden in sarcoidosis.\
[IL17:]{.ul} Interfering with CTLA is supposed to influence Th17-T-cells and thereby IL17 might be used to assess the influence of Abatacept on TH17 T-cells.\
[mRNA measurement:]{.ul} With the use of Abatacept, we expect alterations of surface molecules on immune cells (e.g. T-cells, monocytes, macrophages). These alterations might be explained e.g. by (i) Abatacept-mediated internalization of surface molecules or by (ii) transcriptional/translational changes induced by Abatacept. The analysis of mRNA will help to dissect the underlying molecular mechanism.\
[B- and T-cell count, characterization of T- and B-cell subtypes:]{.ul} As mentioned above, Abatacept is supposed to influence T-cell response in chronic sarcoidosis. Therefore, change of T-cell subtypes may reflect the biological response to Abatacept.Bronchoalveolar lavage parametersTotal cell count/100 ml lavage fluid\
Percentage of differential bronchoalveolar cells\
Subtypes of T-cells in bronchoalveolar lavage\
Surface molecules as markers of cell activation, e.g. HLA-DR, CD57 etc.\
Released cytokines by BAL cells\
TNF\
MIP-1a\
IL-12p40\
CXCL10 (IP-10)\
IL10\
TGFβ\
IFNγ,\
IL13\
IL8\
IL17\
CCL18 mRNA measurementBAL fluid and cell analysis of alveolar cells have been proven to deepen the understanding of alveolar inflammation as ongoing in sarcoidosis. Therefore, participants of this study will undergo bronchoscopy and BAL before starting abatacept and after one year of treatment. As abatacept influences T-cell/APC interaction, we expect changes in T-cell subtypes and lower inflammatory response of alveolar cells.\
[Total cell count/100 ml lavage fluid:]{.ul} Total cell number is increased in most inflammatory processes affecting the alveolar compartment and is therefore an unspecific general marker of alveolar inflammation.\
[Percentage of differential bronchoalveolar cells:]{.ul} As mentioned above, sarcoidosis is characterized by a lymphocytic alveolitis. Therefore, it can be expected that the percentage of lymphocytes decreases under successful treatment. Additional information can be drawn from the percentage of neutrophils because they predict a more aggressive course of sarcoidosis. Under Abatacept treatment, a reduction of neutrophils as sign of less inflammatory activity can be expected.\
[Subtypes of T-cells in bronchoalveolar lavage]{.ul}: Abatacept influences T-cell subtype and it can be expected that the T-cell subtype in the alveolar compartment is changed after abatacept treatment.\
Expression of surface molecules as surrogates of cell activation: Several surface molecules on immune cells indicate their activation state (e.g. HLA-DR, CD57) and thereby might serve as markers of therapy success under Abatacept treatment.\
[Cytokines produced by alveolar cells:]{.ul} Cells obtained by the bronchoalveolar lavage will be cultivated under suitable conditions and released cytokines in the supernatants will be measured, e.g. TNF, MIP-1a, IL-12p40, CXCL10 (IP-10), IL10, TGFβ, IFNγ IL13, IL8, IL17 and CCL18. [mRNA measurement:]{.ul} With the use of Abatacept, we expect alterations of surface molecules on immune cells (e.g. T-cells, monocytes, macrophages). These alterations might be explained e.g. by (i) Abatacept-mediated internalization of surface molecules or by Refs. \[[@bib64]\] (ii) transcriptional/translational changes induced by Abatacept. The analysis of mRNA will help to dissect the underlying molecular mechanism.Need of therapy escalation/modificationDaily steroid dose\
Need for steroid pulses (see below)\
Need for therapy modification (see below)The two main goals of sarcoidosis treatment are (i) control of inflammatory activity that damages organs\' function and \[[@bib64]\] (ii) to achieve disease control by a minimum or no corticosteroid treatment. Therefore, the steroid doses used to control disease are a good surrogate for the therapeutic effect of Abatacept\
[Daily steroid dose:]{.ul} Daily steroid doses will be monitored and compared to the steroid doses in the year before Abatacept treatment was started.\
[Need for steroid pulses:]{.ul} Number of steroid pulses to control disease flairs and the dosage used will be monitored and compared to the dosage before.\
[Need for therapy modification:]{.ul} Therapy modification (e.g. need of therapy interruption, therapy escalation) will be monitored.

2.3. Participants and inclusion/exclusion criteria {#sec2.3}
--------------------------------------------------

Participants of the trial must have been diagnosed with sarcoidosis according to current guidelines \[[@bib3]\], and must be in need of immunosuppressive therapy beyond 5 mg prednisolone equivalent per day. Individuals may be included if corticosteroid dose cannot be reduced to levels of 5 mg prednisolone equivalent or less because of persistent or recalcitrant sarcoidosis symptoms (including increasing symptom burden, increase in inflammatory conditions, deterioration of organ malfunctioning, lung functional impairment). Additionally, individuals on combination therapy (e.g. azathioprine and corticosteroids) may be enrolled if combination therapy has to be stopped because of lacking efficacy or side effects. The decision to escalate or change therapy relies on the physicians' appraisal, taking into consideration that sarcoidosis treatment integrates multiple aspects rather than clear cut-off values. However, patients must have sarcoidosis-associated symptoms (documented by a KSQ --GHS \< 80) \[[@bib41],[@bib42]\] and signs of inflammatory activity (increased neopterine or sIL2R \[[@bib43]\]) and an indication to immunosuppressive therapy because of pulmonary involvement.

Besides individuals with severe comorbidities not related to sarcoidosis, severe mental disease or (potential) contraindications against abatacept are excluded.

[Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"} summarize in detail inclusion and exclusion criteria.Table 2Inclusion criteria with explanation.Table 2CriterionExplanationSigned written informed consentFormal requirement to participate in clinical trialsAbility to understand the nature, significance and consequences of the study and to comply with themAge 18 years or above; male of female patientsDiagnosis of sarcoidosis according to current applicable ATS/WASOG guidelinesThere is no unique diagnostic test to confirm the diagnosis of sarcoidosis. Rather, sarcoidosis is diagnosed epicritically by integrating clinical, radiological, serological and histological findings. For this study, the sarcoidosis is diagnosed according to ATS recommendations. The diagnosis of participants of this study will be verified by critically reviewing previous examinations and addition of indicated further examinations (e.g. ruling out other granulomatous diseases).Immunosuppressive therapy (≥5 mg prednisolone equivalent per day or any additional immunsuppressive therapy independently of the steroid dose) within the last 3 months prior screening for pulmonary involvement as defined by one of the following-Radiographic alterations in HRCT compatible with sarcoidosis-Lung function impairment caused by sarcoidosis (e.g. reduced TLC, FVC, reduced DLCO, reduced pO2 at rest or exercise-induced)Abatacept might represent a second-line agent for treating sarcoidosis given for steroid-refractory sarcoidosis. Therefore, a steroid dose of ≥5 mg prednisolone equivalent for longer than three months or an additional immunosuppressive agent are required for study inclusion. Indication for immunosuppression must be given by pulmonary involvement.King\'s Sarcoidosis Questionnaire (KSQ), GHS module: Score\<80KSQ questionnaire integrates patient-experienced disease burden. As sarcoidosis-associated symptoms are a major indication for treatment, we intend to include symptomatic patients within this trial defined by a decreased KSQ score.Need for therapy escalation beyond 5 mg prednisolone equivalent according to the physician\'s appraisal, e.g.:-Disease activity only controlled by \> 5 mg prednisolone equivalent-Disease progression under established immunosuppressive therapy according to clinician\'s appraisal (e.g. lung function deterioration, CT-graphic progression, increase of activation parameters)-Need for change of immunosuppressive therapy because of therapy-associated side effectsIndication for escalation or change of immunosuppression in sarcoidosis treatment is mostly a clinical decision integrating therapy-associated side effects, disease control, inflammatory conditions or hints for disease progression. The term "physician\'s appraisal" summarizes all these conditions influencing the clinical decision to change or increase immunosuppressive therapy.Elevated sIL2 receptor levels and/or elevated Neopterin as sign of T-cell activation within 6 months prior to registrationsIL2R and Neopterin are laboratory parameters that indicate ongoing inflammation in sarcoidosis patients.Table 3Exclusion criteria with explanation.Table 3CriterionExplanationSevere lung functional impairment according to the treating physician interfering substantially with participation in the trialLung function and exercise testing are part of the study protocol and the endpoints. Therefore patients with severe lung functional impairment are excluded.End stage fibrotic lung disease without expected improvement to immunosuppressive therapy as judged by the treating physician.Sarcoidosis can lead to end stage fibrotic lung disease and the impact of immunosuppression for this condition is a matter of debate.Concomitant lung disease (e.g. COPD, asthma) that interferes with clinical assessment as judged by the treating physicianSarcoidosis can coincide with other lung diseases (e.g. COPD, emphysema) whose symptoms may be of more clinical importance for the patients than sarcoidosis-associated symptoms. Therefore these patients are excluded from the study.Concurrent immunosuppressive therapy other than corticosteroids and impossibility to allow a sufficient wash-out phase.Concurrent immunosuppressive therapy may influence the therapeutic effect of abatacept and increase susceptibility to infections. Therefore, patients with concomitant immunosuppression (besides corticosteroids) are excluded. A sufficient wash-out phase (\>two weeks for DMARD, \> 2 months for biologicals) is required.For biologicals a wash-out phase of two months is mandatory.Previous treatment with abataceptAbatacept is approved for different autoimmune diseases. Patients being treated with abatacept previously might have had side effects or insufficient response to treatment. Therefore, they are excluded from the study.Treatment with another investigational drug within 4 weeks or 5 half-lives prior to first application of trial medication.This rules out unexpected medical interactions or interference between different study protocols.Simultaneous participation in other interventional clinical trialsSerious uncontrolled concomitant diseases not caused by sarcoidosis. Examples are cardiovascular (e.g. severe uncontrolled hypertension, instable angina pectoris, severe ischemic heart disease), central nervous system (e.g. stroke, dementia), hepatic, renal, endocrine (e.g. uncontrolled diabetes), gastrointestinal (e.g. complicated diverticulitis, Crohn\'s disease, colitis ulcerosa)Patients suffering from severe other medical conditions are excluded from the study because a therapeutic benefit may be difficult to judge and abatacept treatment might interfere with these other diseases.History of or active psychiatric disease (including known history of or current active abuse of drugs, chemicals or alcohol) interfering with the safe participation in the study.History of or current primary or secondary immunodeficiency that could not be attributable to treatment-related immunodeficiencyAbatacept dampens immune response and may therefore aggravate an underlying immunodeficiency. Furthermore, common variable immune defect might mimic sarcoidosis and therefore CVID patients are not suffering from sarcoidosis.Recurrent or active current bacterial, viral or fungal infection (excluding fungal infections of the nails), for example but not limited to active hepatitis B and C, typical or atypical mycobacteriosis or herpes zoster infections.All these conditions are relative contraindications for treatment with abatacept because of the risk of aggravation. These conditions are relative or absolute contraindications against the use of abatacept.Known malignancy or high clinical suspicion on malignant diseaseLymphoma within the last five yearsContraindications against treatment with AbataceptSimultaneous application of live vaccinesPregnancy indicated by positive urine pregnancy testThere are no data available that address the safety of abatacept in pregnant or breast-feeding women.Breast-feeding patientsFertile patients refusing to use safe contraceptive methods during the study

2.4. Patient recruitment {#sec2.4}
------------------------

Patients will be recruited from prevalent patients of the out-patient ward. Additionally patient organizations will be informed about the trial.

2.5. Informed consent {#sec2.5}
---------------------

Patients will be informed about the clinical trial if their medical conditions seem to allow participation. An experienced physician will explain the purpose and course of the trial to the patient and provide him or her with a detailed information sheet. If the patient is interested in taking part in the study, he or she can contact the study center (or will be contacted by the study center, if desired by the patient) after a sufficient time period (in general at least one week). An additional appointment will be made with the patient to answer questions and discuss concerns before the patient can voluntarily sign informed consent.

2.6. Concomitant medication {#sec2.6}
---------------------------

Abatacept and corticosteroids are the only allowed immunosuppressive drugs during the entire study period. Although data from other diseases suggest sufficient safety of abatacept in combination with other immunosuppressive drugs (e.g. Methotrexate \[[@bib44],[@bib45]\]), combination therapy with other immunosuppressive drugs in this small proof-of-concept study increases variability of clinical data and therefore impairs the interpretation of results.

For all immunosuppressive drugs a suitable wash-out period is mandatory before including patients in the study.

Corticosteroids are dosed according to patients\' requirements and the physician\'s appraisal. A target dose of less than 5 mg prednisolone equivalent per day should be achieved in each participant. Steroid dosage and need for steroid increase are monitored. There is no restriction to other drugs besides the above-mentioned immunosuppressive drugs.

2.7. Sarcoidosis flares {#sec2.7}
-----------------------

Flares of sarcoidosis can be treated with an increase of corticosteroid dose. In case of insufficient response and need for further treatment escalation (e.g. treatment with infliximab), the patient has to stop abatacept treatment and cannot continue participating the study.

2.8. Drug administration and monitoring {#sec2.8}
---------------------------------------

Abatacept is administered in a dosage of 125 mg subcutaneously weekly by the patients themselves. Before first application, all participants receive education/administration in subcutaneous injection technique and accurate injection will be controlled by experienced staff during each study visit.

Abatacept will be provided in prefilled syringes that will be stored at 2--8 °C. Cool packages and instructions on storage will be given to the patients to assure continuous cooling. Drug administration as well as (especially local) side reactions will be documented by the patient in a diary that is monitored at each study visit.

Empty syringes and not used trial medication will be collected, counted and documented.

2.9. Premature termination of trial treatment {#sec2.9}
---------------------------------------------

The patient can have his/her study treatment terminated prematurely at any time, without having to give reasons. Furthermore, the study participation may be increased risks for the patients' trial drug administration may be discontinued under one or more of the following conditions:•Adverse events (including intercurrent illnesses) which preclude further treatment with the investigational medicinal product•Premature termination of the trial treatment is considered to be medically indicated•Continuation of the trial treatment is unacceptable when the risks outweigh the benefits•Significant progress of sarcoidosis despite adequate treatment with trial medication and steroid comedication according to the physician\'s appraisal•Pregnancy•Significant violations of the trial protocol or lack of compliance on the part of the patient (e.g. taking prohibited medication)•Logistical reasons (e.g. patient changes his/her doctor or hospital or moves to another location)

If a patient discontinues trial participation, the patient will be offered to complete follow-up visits as depicted in [Fig. 2](#fig2){ref-type="fig"}. All available data and results will be documented.

2.10. Adverse events and serious adverse events {#sec2.10}
-----------------------------------------------

Adverse events have to be documented in the CRF starting from the first application of trial medication -- in case of serious adverse events, starting from signature of informed consent -- and until 30 days after last application of trial medication.

Established guidelines and definitions, standard operating procedures as well as applicable laws and regulations fill be followed in the documentation and reporting of adverse events.

2.11. Data confidentiality and data management {#sec2.11}
----------------------------------------------

Information about trial patients will be kept confidential and managed under the applicable laws and regulations. The data collected during the study will be stored and evaluated in a pseudonymised form. Data management system is in compliance with good clinical practice. All relevant data will be documented in this data management system. Collected and stored data are protected by built-in security features to prevent unauthorized access to confidential participant information. Access to the system will be controlled by individually assigned user identification codes and passwords. Access to the data will be limited to authorized and trained staff.

The investigators, the trial statistician and the data management staff have access to the full trial dataset without restrictions.

2.12. Statistical analysis {#sec2.12}
--------------------------

The determination of the sample size is based on feasibility considerations. Sarcoidosis is a rare disease and especially patients with a chronic progressive disease requiring a therapy beyond corticosteroids are a minor group within sarcoidosis patients. Therefore, it is intended to include 30 patients, which should allow addressing the primary endpoint of safety.

As a simplified approach to the analysis of the primary endpoint, the number of severe infectious complications during the treatment period, we consider the width of a two sided 95% confidence interval for the expected number of complications, based on the normal approximation of the Poisson distribution. The Poisson distribution is characterized by equality of the expected value and the variance. With this prerequisite, we can determine the size of a two-sided 95% confidence interval. If e.g. 4 infectious complications can be expected and the sample size is 30, a two-sided 95.0% confidence interval for a single mean will extend 0.72 from the observed mean. If 9 infectious complications can be expected, a two-sided 95.0% confidence interval for a single mean will extend 1.07 from the observed mean.

The primary analysis of the number of severe infections under therapy will be performed in terms of an annual incidence rate (i.e. counts of infectious complications per year per patient), thus taking into account that the times under observation may vary. The mean annual incidence rate and a two-sided 95% confidence interval based on the normal distribution approximation will be presented.

The number of severe infectious complications will be compared between the 12 months prior to treatment where available and the 12 months during treatment by using a Poisson model with patients as random effects and time phase as fixed effect and taking individual differences in risk times into account. The difference will be described by the annual incidence in the two phases, the incidence ratio, and a 95% confidence interval.

All analyses will be based on all patients recruited for the study for whom treatment with abatacept was started.

2.13. Safety and data monitoring committee {#sec2.13}
------------------------------------------

To assure safety of trial participants the first six patients will be followed up on a six-week interval with a special focus on infectious complications (including EBV reactivation). An independent data monitoring committee with members experienced in biological therapies and clinical trials supervises the safety data described above on a regular basis. The first meeting is held after the sixth patient has completed the six-week study visit and the following meetings are prescheduled every twelve weeks. All available safety data are presented to the data monitoring committee that can advise on continuing or stopping the study or on extending intervals of study visits from 6 to 12 weeks.

2.14. Quality assurance {#sec2.14}
-----------------------

Clinical monitoring will be conducted on a regular basis by the Clinical Trials Unit of the Medical Center -- University of Freiburg as a continuous measure of quality assurance. Audits and inspections by regulatory authorities may be conducted at any time.

2.15. Protocol version {#sec2.15}
----------------------

The study was started with the protocol version V02 (date 02.06.2017). Subsequently two amendments were required (amendment 01, 13.12.2017 and amendment 03, 17.12.2018). Therefore the current protocol version is V04 (13.12.2018) including amendments 01 and 03. Amendments related to clarifying inclusion criteria *(Immunosuppressive therapy (* ≥ 5 mg *prednisolone equivalent per day))* and to adding two laboratory parameter (calcium and albumin). All study protocols and amendments were positively evaluated by the Ethics Committee Freiburg, University of Freiburg). All amendments did not conflict with previous inclusion of participants.

All further amendments will be documented, communicated to the funder, the sponsor and the trial centers. Amendments will be reported in resulting publications.

2.16. Trial registration {#sec2.16}
------------------------

The trial has been registered at the German Clinical Trial Registry (Deutsche Register Klinischer Studien, DRKS) with the identity number DRKS00011660.

2.17. Ethics and funding {#sec2.17}
------------------------

The ABASARC trial was approved by the Ethics Committee of the University of Freiburg (vote no. 163/17 (FF-MC)). Additionally, the trial was approved by the German national competent authority (*"Paul-Ehrlich-Institut", Federal Institute for Vaccines and Biomedicines, Langen, Germany).* Part of the trial protocol is a patient informed consent form, describing the trial, the tested medicinal product including potential risks, and alternative treatment options.

The sponsor of the study is the *Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg*.

The study is an investigator-initiated trial funded by Bristol-Myers Squibb (BMS, New York, 10.13039/100011408USA). BMS has no influence on the study protocol and the chosen endpoints. Obtained safety data will be reported directly to BMS and health care authorities.

BMS has no influence on the study protocol or on data collection, analysis, interpretation and publication of results.

3. Discussion {#sec3}
=============

The ABASARC trial described herein focusses on three aims, which are (i) assessing the safety and efficacy of abatacept in sarcoidosis patients, (ii) exploring different endpoints that might prove suitable for further trials and (iii) characterization of the patient collective.

Even though there are several different drugs used to treat corticosteroid-dependent sarcoidosis \[[@bib2],[@bib46],[@bib47]\], abatacept may represent a novel and unique therapeutic option for two main reasons: First, as outlined before, there are several hints that CTLA-4 expression \[[@bib15],[@bib32],[@bib33],[@bib35],[@bib48], [@bib49], [@bib50]\] and function are dysregulated in sarcoidosis and therefore abatacept restore this defect as a target therapy. Second, its side effects differ substantially from drugs like methotrexate, azathioprine or mycophenolate mofetile especially concerning bone marrow and liver toxicity.

Inclusion criteria for this trial (i.e. starting an immunosuppressive treatment with abatacept) are based on the daily clinical practice. Immunosuppressive therapy beyond corticosteroids in sarcoidosis is not well established and varies between different centers based on expected side effects and local experiences, also local recommendations to change immunosuppressive therapy may be handled differentially \[[@bib51],[@bib52]\]. Generally, deterioration of organ function, reduced quality of life or side effects of established therapies (e.g. diabetes or weight gain induced by steroids) are considered indications for therapy adaptation \[[@bib46]\]. Therefore, the physicians' appraisal for starting or changing an immunosuppressive therapy in sarcoidosis patients represents a main inclusion criteria for patients who are affected by (i) an organ manifestation requiring immunosuppression, (ii) having sarcoidosis-associated complaints assessed by KSQ and (iii) inflammatory activity of sarcoidosis measured by sIL2R or neopterin.

The first aim of the study, assessing the safety of abatacept treatment is assessed addressed as primary endpoint as the number of severe infections during treatment with abatacept and as secondary endpoint addressing the rate of severe infections, non-severe infections and non-infectious complications of abatacept therapy. Recent studies in other indications (especially rheumatoid arthritis) have shown that infections are the most important severe side effects of abatacept treatment even though infections and cardiac side effects are not increased compared to e.g. anti TNF antibodies \[[@bib53],[@bib54]\]. Therefore, an open-labeled trial design was chosen which allows a better assessment of infectious complications occurring during treatment. To closely assess safety, the first six patients included in the trial will be monitored closely in six week-intervals. Their safety data will be monitored by an independent data safety board. As patients with an immunosuppressive therapy are at an increased risk of infections, the infectious complications occurring during the trial will be compared to infections retrospectively collected for the year prior to study participation. This will allow estimating whether abatacept markedly increases the risk of infections.

Second, secondary endpoints explore different surrogates of an effective treatment for sarcoidosis that cover markers of inflammation, lung function and patient-reported outcome parameters. Therefore, three questionnaires assessing patients\' well-being were included as secondary endpoints. In particular, the King\'s Sarcoidosis Questionnaire that covers different health domains affected by sarcoidosis, e.g. pulmonary health, general well-being (including fatigue) or concerns about medication. This questionnaire has rarely been investigated in clinical drug studies and may prove a suitable endpoint because it has been specifically designed to capture sarcoidosis-associated symptoms and hence is clearly different from several other questionnaires typically used in sarcoidosis studies. Because KSQ has rarely been used in studies, we decided to additionally use SGRQ as an additional questionnaire. Even though validated for COPD, but not for sarcoidosis, it has been used widely in different studies investigating different interstitial lung diseases \[[@bib55], [@bib56], [@bib57]\]. Thereby the combination of a generally used questionnaire (SGRQ) with a very disease-specific questionnaire (KSQ) may cover a broad range of patient-related outcomes.

Therapeutic interventions in sarcoidosis have been undertaken basing on pathophysiological observations and analogies to other Th1-driven inflammatory diseases. Nevertheless, to date there are no randomized controlled trials demonstrating the efficacy of a single drug intervention in sarcoidosis patients. Obstacles for a meaningful clinical study are due to the study design and the chosen endpoint on the one hand and to the heterogeneity of sarcoidosis patients and their unpredictable disease course on the other hand. For example, infliximab failed to achieve a clinically meaningful gain in FVC in sarcoidosis patients \[[@bib12]\]. However, in a subgroup of patients with a high TNF-level, lung function improvement was more pronounced by infliximab treatment \[[@bib13]\]. Additionally, extrapulmonary manifestations improved in the treatment group \[[@bib58]\]. These observations indicate that meaningful clinical trials in sarcoidosis will need a well-chosen endpoint and requires inclusion of well characterized patients.

Therefore, the third aim of the ABASARC trial focusses on the identification of patients, who benefit most of abatacept treatment.

Before starting and after terminating abatacept treatment, the study protocol requires an intense clinical and immunological assessment of the recruited patients including bronchoalveolar lavage.

The use of BAL in a clinical study and changes in alveolar cell composition as a secondary outcome parameter is uncommon in clinical sarcoidosis studies. On the one hand, BAL procedure may vary between different centers, therefore a similar protocol of BAL procedure and analysis is used that is established in both centers \[[@bib59]\]. On the other hand, alveolar inflammation may also be monitored by use of ^18^FDG-PET-CT, which has been used in some trials \[[@bib60]\]. The use of BAL and its immunological work-up offers the benefit to gain insight in the pathophysiology of sarcoidosis and changes induced by abatacept. The interaction of T-cells, regulatory T-cells and antigen-presenting cells is influenced by abatacept enabling regulatory T-cell response to dampen the inflammatory response. Therefore, the immunological assessment will focus on these pathways by analyzing T-cell subpopulations in blood and BAL samples.

In summary, the immunological assessment of the alveolar and blood compartment and their changes induced by abatacept treatment together with clinical data may allow the identification of patients who experience the greatest benefit of abatacept therapy.
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